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ABSTRACT
The septage disposal and treatment in the Gaza Strip has top priority. About 60% of the urban and rural 
areas in Gaza Strip are not connected with sewerage system. On-site treatment systems such as septic 
tanks and cesspools are used to treat human excreta. On a world-wide level, the current technologies for 
septage and sludge treatment are connected with intensive energy consumption. The application of 
constructed wetlands for sludge or septage treatment is relatively new.  A vertical-flow system, which used 
for sludge and septage dewatering and treatment in a pilot scale in this work at Rafah – Palestine, 
investigated the efficiency of utilizing reed bed as low cost technology for the area.
The septage collected from Rafah City, was applied to two beds at a regular frequency. One bed is planted 
with Phragmites australis and one left unplanted. The percolated water (leachate) is measured for each 
bed. The pollutant removal for each bed has also been assessed. From the 20-month study, the total solids 
(TS) and hydraulic loading rates were between 110 to 160 Kg/ m2.yr and 7 to 17.4 m3/ m2.yr respectively. 
The average evapo-transpiration effectiveness in planted and unplanted beds was 27.7 and 13.2 l/m2.d. In 
planted bed, the removal percentage of COD and BOS5 were 95.77% and 96.79% where the values for 
unplanted bed were 91.35% and 91.03% respectively. By high loading, the accumulation of sludge in beds 
was higher, however; the results presented relatively better performance of planted bed of TS removal. 
The removals percentage of TKN and TP in planted bed was 98.1 and 99.31% where the removals in 
unplanted bed were 97% and 98.93% respectively. The removals percentages of FC in planted and 
unplanted bed were 99.67% and 99% respectively. 
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1- INTRODUCTION
The present situation of wastewater collection and treatment in the Gaza Strip is one of 
extreme fragmentation. About 60% of the urban and rural areas in Gaza Strip, Palestine 
are not connected with sewerage system [1]. In these areas human excreta are commonly 
treated by on-site treatment systems such as septic tanks and cesspools. The 
accumulated bio-waste, septage, require to be periodically sucked off to maintain long-
term viability. The random discharge of this material is resulting in degradation of 
environment and public health, such as groundwater pollution and transmission of 
enteric related diseases. 
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Domestic septage is defined as the liquid or solid material pumped from a septic tank, 
cesspool, or similar domestic sewage treatment system. It is normally characterized by 
large quantities of grit, a highly offensive odor, great capacity to foam upon agitation, 
poor settling and dewatering characteristics, and high solids and organic content.  Its 
high waste strength is due to the accumulation of sludge and scum in the septic tank. 
Typically, a septic tank will retain 60 to 70 percent of the suspended solids and oil and 
grease introduced from the dwelling served. However, septage characteristics vary 
depending on the number of people utilizing the septic tank and their cooking and water 
use habits; tank size and design; climatic conditions; pumping frequency; and the use of 
tributary appliances such as garbage grinders, water softeners, and washing machines
[2].  
 
Septage or sludge treatment facilities do not exist in the local level. So, the collected 
septage is discharged randomly to the water resource or land areas, which result in 
degradation of environment and public health impacts such as groundwater pollution 
and transmission of enteric related diseases. Septage and sewage sludge contain various 
types of pathogenic bacteria, viruses and parasites, which can infect both humans and 
animals. When improperly managed, the application of septage to agricultural lands can 
create a potential threat to the human food chain through the entry of toxic elements and
pathogens into the diet. There is a potential for heavy metals and pathogens to 
contaminate soil, water, air, vegetation, and animal life, and ultimately to be hazardous 
to humans. Toxic materials can contaminate groundwater supplies or can be transported 
by runoff or erosion to surface waters if improper loading occurs. Aerosols, which 
contain pathogenic organisms, may be present in the air over a land-spreading site. 
Other potential impacts include public acceptance and odor [3]. 
On a worldwide level, constructed wetlands technology (Reed Beds) has found 
successful applications in many areas of the wastewater treatment process [4, 5]. 
However, the application of constructed wetlands for sludge treatment is relatively new 
[6]. The constructed wetlands are designed and operated in either free water surface or 
subsurface flow [7]. A vertical-flow system recently used for sludge and septage 
dewatering and treatment in a pilot scale or for tertiary treatment [8, 9]. Although the 
vertical flow of sand drying beds is the most widely used method of sludge dewatering, 
the advantages of constructed wetlands include beside the water loss by filtration 
through the wetland, the plant transpiration. In addition, as a result of high biological 
activities of available micro-organisms in rhizo-sphere system, accumulated bio-mass in 
beds would be well stabilized. Other advantages of constructed wetlands over sand 
drying beds are the less removal frequency of dried sludge, reducing the land 
requirements, little prone to clogging and introducing nitrification process [7, 10].
This work aims to identify a further application which will help deal with the growing 
problem of the septage and sludge which is produced as a result of the overall treatment 
of wastewater in the region. At present the available options are: anaerobic digestion 
incineration, de-watering by hydraulic press or centrifuge, disposal at landfill site, 
disposal at sea. For the most developing countries, the first two options involve 
substantial capital investment in equipment and a continuing reliance on outside bodies 
for spare parts and maintenance, whilst the third option is expensive and likely to be 
increasingly so in an area of limited land resources such as Gaza. Regardless of the 
political problems of access to suitable dumping sites at sea the fourth option is fraught 
with environmental difficulties and as such can not be considered a practicable option.
The Pilot Project at Rafah City will investigate the efficiency of utilizing the relatively 
high evapo-transpiration rates of plants in Gaza as a means of dewatering and treatment 
of septage/ sludge.
2. MATERIAL AND METHODS
2.1 SYSTEM DESIGN
The pilot system (Figures 1 & 2), consists of two beds, each with a dimension of 3 x 1.5
x 1.3 m (length, width and depth). The beds are constructed from galvanized steel plate 
painted to reduce absorption of heat at the outdoor Rafah Wastewater treatment Plant 
(RWTP).  The two beds were installed in September 2000 and locally growing reeds 
(Phragmites australis) were used to provide offsets for planting one of the beds and the 
other beds was left unplanted. Despite being planted in the late herbs season, these 
plants have growing very fast and showed approximate 150 cm of top growth in 4
months. Figure 3 shows a schematic diagram of the vertical flow arrangement in 
constructed planted reed bed. 
Each unit was constructed as a vertical flow system with a surface area of 4.5 m2. The 
filtering body consists of 15 cm gravel layer with diameter of 25-40 mm at the bottom, 
15 cm depth gravel layer with diameter of 10 – 25 mm at the middle and 10 cm depth 
with fine sand on the top. A free board of about 70-cm was allowed for bio-mass 
accumulation. A drainage system supported the beds and consist of 15 cm depth hollow 
perforated PVC pipes at the bottom. The infiltrated water from the beds collected in a 
concrete pole (1-m depth) supported with submersible pump and water meter for 
continuing withdrawing and measurement of percolated water.      





Figure 2: Arrangement of planted and unplanted beds in pilot system layout.
Figure 3: Schematic diagram arrangement of vertical flow in constructed Reed bed
2.2 OPERATION
At the beginning, the beds were irrigated with fresh water. After about 3 months, 
septage was applied to the two beds at a regular frequency with about 40% of the 
designed hydraulic loading rates for about 6 months. In this period, each tank has a 0.3
m3 dose of septage applied evenly across the surface, two times per week. This dose has 
been calculated to provide a maximum layer of 50 mm of wastewater across the surface 
of the media each time and allow infiltration speedy enough to avoid the insect breeding 
problems, which can occur in standing water. Table 1 shows the operational condition 
and hydraulic loading in the study period for planted and un-planted beds.
The volume of liquid not taken up by the plant roots (Infiltrated), and draining from the 
beds, was measured for each bed. The difference between input and output was
calculated as indicator for the evapo-transpiration rates. In addition, the pollutant 
removal for each bed has been also assessed in the percolated water.









21/12/1999 – 0 6.05.2000 24 Twice a week 7
07.05.2000 – 21.11. 2000 25 Three time a week 17.4
22.11. 2000 – 01.05.2001 23 Three time a week 17.4
02.05.2001 – 01.09.2001 20 Three time a week 17.4
3. RESULTS AND DISCUSSION
3.1 DEWATERING
The dewatering results of planted and un-planted beds are given in table 2 and figure 4.
The evapo-transpiration effectiveness of the planted bed has been increased as 
the vegetation grows thus provides a grated area of leaf-surface and root and the 
values increase from 8.6 l/m2.d to 27.7 l/m2.d. In the unplanted bed, the 
transpiration values were in the range of 7.3 to 13.2 l/m2.d. The infiltration rates 
from beds showed relatively higher values by un-planted bed. However, the 
infiltration times for disappearance of applied septage quantities in planted bed 
were shorter. At the beginning of the operational time, the disappearance time for 
both was about 5 to 6 hours. In the second season this time has been increase by 
non-planted to a bout 7 hours and decreased to about 2 hours.    This has been 
reflected in the observations during the operational period, which showed a faster 
moisture removal for the planted bed. The relatively high rainfall and low solar 
radiation of the winter months in Gaza result in lower evapo-transpiration rates, 
which reflected in figure 4. 















21/12/2000– 6.5.2001 19 10.4 8.6 11.5 7.5
7.5.2001–21.11. 2001 47.6 26.9 20.7 34.4 13.2
22.11. 2001–1.5.2002 47.6 31.9 15.7 40.3 7.3














Leachte planted Evapo-Transpiration Planted 
Appl. Quantity Evapo-Transpiration Un-Planted
Leachte Un-planted
Figure 4: Dewatering results of planted and un-planted beds
3.2 SOLIDS AND ORGANIC REMOVAL
The total solids (TS), Biochemical Oxygen Demand (BOD5) and Chemical Oxygen 
Demand (COD) are the parameters used to evaluate the solids and organic mater 
removal in the system.   Table 3 shows the average concentrations of these parameters in 
applied septage and percolate water quality in both planted and unplanted beds. The 
BOD5 and COD concentrations in the percolate water for both planted and unplanted 
were significantly reduced. In planted bed, the removal percentage of COD and BOD5
were 95.77 and 96.79 where the values for unplanted bed were 91.35 and 91.03
respectively. 
Table 3: Average concentrations of pollutants in applied septage and percolate water for 





COD mg/1 14,200.00 600.00 1,229.00
BOD5 mg/1 7,800.00 250.00 700.00
TS mg/1 10,186.00 1,000.00 1,500.00
Table 4 presented the total solid removal efficiency of the planted and unplanted beds at 
the first eight months and for the total period (20 months). The monthly total solids 
applied quantity at the first period (Low Loading) and the average for the total period 
(High Loading) were 9.37 and 13.16 Kg /m2 respectively.  Figure 5 compare the 
percentage removal and accumulation of solid in planted and unplanted beds for average 
high and low loading.  By high loading, the accumulation of sludge in beds was higher. 
The results presented relatively better performance of planted bed of TS removal. In 
planted bed, 70.51.% of total applied solids was removed compared with 60.33% in 
unplanted. 



























At the first six 
months
9.37 0.54 0.42 8.41 1.04 0.42 7.91
Average For the 
total period (20
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Figure 5: Percentage removal and accumulation of solid in planted and unplanted 
beds for average high and low loading.
High Loading
Low Loading
The primary mechanism for BOD5 and solid removal are settling, filtration and 
flocculation of suspended and large colloidal particles. The vertical flow system (VFS) 
is effective for suspended and BOD5 removal because of relatively low flow velocity 
and a high amount of media surface area. The pollutants removal performance of reed 
plant has been founded to have positive impacts on performance.  Wetland plants can 
facilitate gas transfer (mainly Oxygen and CO2) both into and out of the wastewater of a 
vegetated submerged bed system [11]. Brix and Schierup [12] reported in their study 
about the transfer of Oxygen by reed plants on an operating wetland. This will result of 
high biological activities of available microorganisms in rhizo-sphere system which will 
lead to stabilization of accumulated bio-mass in planted bed. 
3.3 NUTRIENTS AND PATHOGEN REMOVAL
Table 5 presented the average concentrations of Total Kjeldahl Nitrogen (TKN), Total 
Phosphorus (TP) and Fecal Coliform (FC) in applied septage and percolate water in 
both planted and unplanted beds. The macro-nutrients (N and P) concentrations in the 
percolate water for both planted and unplanted were significantly reduced.  
Table 5: Average concentrations of Total Kjeldahl Nitrogen (TKN), Total Phosphorus 






TKN mg/1 2,926.00 56.00 89.00
TP mg/1 1,385.00 9.50 14.80
FC /100 ml/ 3x104 100 300
The removals percentage of TKN and TP in planted bed was 98.1 and 99.31 where the 
removals in unplanted bed were 97 and 98.93 respectively. The planted system showed 
relatively higher removal efficiency.
The primary removal mechanisms of Nitrogen (mainly reduced and organic fraction of -
N) are filtration, sedimentation, plants uptake and biodegradation. Organic Nitrogen 
trapped within the beds will undergo many biological reactions. These biologically 
transformations species are ammonificaton, nitrification, de-nitrification and fixation. In 
addition, Reed plants take up nitrogen as macro-nutrient through their roots. Estimates 
of net annual nitrogen and phosphorus uptake by emergent wetland species vary from 12
10 120 gN/m2-y and 1.8 t0 18 gP/m2-y respectively [13]. The TP removal mechanism 
could be by retaining in the accumulated sludge, adsorption onto bed media and uptake 
by the reed plants. 
The removals percentages of FC in planted and unplanted bed were 99.67 and 99.0
respectively. The removal efficiency of FC mainly depends on temperature, retention 
time, moisture content, predation, biological activities and oxygen condition. The 
planted system showed relatively higher removal efficiency. These results could be due 
to the transfer of oxygen by reed plants on an operating wetland which result of high 
biological activities of available microorganisms in rhizo-sphere system of planted bed.
4. CONCLUSIONS:
The random discharge of septage material is resulting in degradation of environment 
and public health in Gaza Strip. Constructed wetlands technology (Reed Beds) showed 
successful applications in septage treatment in Rafah pilot project, which could present 
a solution for a real and immediate problem in Gaza for septage and sludge treatment. 
Based on this pilot scale results obtained during 20 months of operation, the following 
conclusions can be drawn:
- The evapo-transpiration effectiveness of the planted bed has been 
increased as the vegetation grows and the values increased from 8.6
l/m2.d to 27.7 l/m2.d. In the unplanted bed, the transpiration values were 
in the range of 7.3 to 13.2 l/m2.d. 
- The infiltration rates from beds showed relatively higher values by un-
planted bed. However, the infiltration time for disappearance of applied 
septage quantities in planted bed were shorter. 
- The relatively high rainfall and low solar radiation of the winter months 
in Gaza result in lower evapo-transpiration rates.
- The BOD5 and COD concentrations in the percolate water for both 
planted and unplanted were significantly reduced. In planted bed, the 
removal percentage of COD and BOD5 were 95.77 and 96.79 where the 
values for unplanted bed were 91.35 and 91.03 respectively. 
- The monthly total solids applied quantity at the first period (Low 
Loading) and the average for the total period (High Loading) were 9.37
and 13.16 Kg /m2 respectively. By high loading, the accumulation of 
sludge in beds was higher. The results presented relatively better 
performance of planted bed of TS removal. 
- The macro-nutrients (N and P) concentrations in the percolate water for 
both planted and unplanted were significantly reduced.  The removals 
percentage of TKN and TP in planted bed was 98.1 and 99.31 where the 
removals in unplanted bed were 97 and 98.93 respectively. 
- The removals percentages of FC in planted and unplanted bed were 99.67
and 99.0 respectively. 
The data collected from this pilot-scale has provided the basis for a further, larger scale 
project at the site of the new treatment works for Gaza City treatment plant where large 
quantities of sludge is originate. 
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